The sorption of phosphate by soils is a phenomenon not as yet thoroughly known in spite of the intensive study devoted to it since the middle of the last century. As matters stand at present there are some generally accepted theories of the processes taking place in different kind of soils. According to the recent review by Hemwall (2) it can be concluded that phosphate retention in acid soils is primarily due to the formation of iron and aluminum compounds of the nature M(H 2 0) 3 (0H) 2 H 2 P0 4 . Regardless of whether the compounds are adsorbed on the surface of a soil mineral or precipitated, the compounds formed and the mechanism of reaction seem to be essentially the same. In calcareous and alkaline soils the phosphate retention is due to the formation of a series of insoluble calcium compounds which are solid solutions and quite heterogenous.
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The phosphate retention capacity of soils is a relatively vague quantity. Hibbard (3) states that »soils have no definite fixing power». The determination of the retention of phosphate by soils is quite empirical, and the results may depend on the concentration of phosphate added, the pH, the time of reaction, the temperature, etc. even more than on the actual characteristics of the soil. Yet, given rigidly controlled experimental conditions, relative values are obtainable which at least to some degree, allow a comparison of the phosphate »retention capacity» of different soils.
The effect of various cations, anions, and organic-compounds on the phosphate retention of soils has been studied especially under laboratory condition (e.g. 1, 6 9, 12 etc.). It is possible, however, that also differences in the phosphorus conditions of the soil and in its treatment with phosphate fertilizers may affect the capacity of the soil to sorb phosphate. In the present paper this problem is treated on the basis of results obtained from the analyses of soil samples originating from a field trial on peat soil to which superphosphate has been continuously applied at different rates for 34 years.
Material and methods
The soil samples were collected from a field trial at the Leteensuo Experiment Station. The The coefficient a largely depends on the ratio of soil to solution in the retention experiment, also the phosphate concentration of the solutions used exerts a marked effect on its absolute values. The data reported in Table 1 were obtained by 5 g of peat being allowed to remove P from 100ml of KH 2 P0 4 -solutions containing 15.5 and 155.0mg/l of P, respectively. When the ratio between soil and solution is changed to 1:10, and The significant difference at 5 per cent level is 470 ppm which means that there are no differences between treatments 0 and P on the one hand, and between treatments 2P and 3P on the other hand. However, the phosphate sorption capacity of the two latter treatments is significantly higher than that of the lower treatments. The removal of the phosphate from solution by the various peat samples was further studied by a series of experiments in which the samples were heated for two hours on two consecutive days over a boiling water bath. The ratios of soil to solution were 1 to 10 and 1 to 20. The concentrations of the KH 2 P0 4 -solutions varied from 0 to 1550 mg/1 of P. These results are recorded in Table 2 as the phosphate concentrations in the filtrate at the end of the treatment. It is of interest to note that the final phosphate concentration is lowest when the samples from treatment 2P have been used for the removal of phosphate from the solution. This is particularly marked when the phosphorus concentration of the original solution is 31.0 mg/1 or higher. Yet, the 2P samples were more saturated by exchangeable phosphate than the samples from treatments 0 and P. Even the samples from treatment 3P, despite their fairly high content of exchangeable phos- In order to find factors which may explain the results obtained, the soil samples were analyzed for their pH, their content of ash, calcium, iron, and aluminum. Data recorded in Table 4 show some tendency towards lower acidity with increasing phosphate applications. The ash content is fairly high owing to the claying at the beginning of the experimental period. There seems to be no significant difference in the ash content of the treated samples, however, which fact excludes the possibility that an unequal distribution of clay between the plots could play a significant part in this respect. Since marked amounts of calcium have been added to the soil in superhosphate, the data for extractable and total calcium in the peat samples tend to be the higher the more intensive the fertilization has been. Nevertheless these figures do not show any difference in the calcium content of the soil from the treatments 2P and 3P.
The amounts of iron and aluminum extracted by 0.1 N hydrochloric acid, 2 % citric acid, and Tamm's acid oxalate are reported in Table 5 . In spite of the fairly large variations in the replicate plots, an increase in the soluble iron content of the samples with an increase in the annual application of superphosphate is provable. The data for the soluble aluminum show similar tendency, although to a somewhat smaller degree: citric acid, e.g., has dissolved equal amounts of aluminum from all The difference between the respective figures for the treatments P and 2P is mostly also not significant, but the sesquioxide content of the soil from treatment 2P is distinctly higher than that of the untreated soil, the citric acid soluble aluminum being the only exception.
Discussion
The results reported above indicate that in this particular peat soil a continuous application of superphosphate at various rates has brought about apparent differences in the ability of the soil to sorb phosphate. The samples which were more saturated with inorganic phosphate could have been expected to remove less phosphate from the solution than those poorer in exchangeable phosphorus. This, however, was not the case in the present trial. There may be several reasons for the results obtained. Some of them are likely to be found on the basis of the analytical •data available.
Aluminum and iron are the soil constituents which are known to be active in phosphate retention in acid soils. In this trial the content of both aluminum and iron tended to be higher in the soils of the treatments with the larger amounts of superphosphate than, particularly, in the untreated soil. This is the most obvious reason for the corresponding differences in the ability of the samples to sorb phosphate.
In addition to the sesquioxide content, attention must also be paid to the pHvalues and the calcium content of the samples. Wild (12) Granted that the differences in the contents of soluble aluminum and iron in the first place account for the corresponding differences in the phosphate retention by the samples, there remains the problem of the cause of the unequality in the sesquioxide content. Since there are not available any samples from this peat soil at the outset of the trial it is impossible to conclude whether the present situation arises from an enrichment of iron and aluminum in the ploughing layer of the plots treated with larger amounts of superphosphate, or from the leaching of iron and aluminum from the untreated plots and the plots treated with the lowest amount of superphosphate.
In both cases an important factor may be found in the crops produced during the experimental period. In recent years the yield from the untreated plots has been almost negligible while from the plots of the two highest treatments fairly good yields have been harvested. The lowest application of superphosphate has produced a satisfactory yield. A crop may markedly affect the soil, its temperature and moisture conditions, and its chemical and microbiological character. Thus, it is possible that the larger crops have been able to enrich the ploughing layer with iron and aluminum at the expense of the lower layers, or they may have prevented the leaching of these constituents.
The importance of the crops in this respect is corroborated by the fact that, in spite of the 50 per cent higher annual application of superphosphate to the 3P-plots, their yields, their contents of sesquioxides and their ability to retain phosphate were equal to the corresponding quantities in the 2P-plots. This fact diminishes the significance of the phosphate anion as a precipitation agent of iron and aluminum, although this mechanism may also play its part in the prevention of the possible leaching of sesquioxide. It should be pointed out that according to Miller (7) the precipitated phosphate compounds of iron and aluminium are able to sorb phosphate anions under certain conditions.
Perhaps it is not unwarranted also to pay some attention to the possible direct or indirect effects of calcium and sulphate ions on the solubility and leaching of iron and aluminum.
The observations reported in the present paper may be exceptional and applicable only to this particular peat soil. In any case they are of more interest theoretically than in practice. It must be emphasized that the higher capacity of the fertilized samples to sorb phosphate was apparent only when the phosphate concentration of the solution was fairly high. On the other hand, it is unlikely that the phosphate removed by the peat in the 2P-and 3P-plots from the soil solution would be fixed so firmly that plants would not be able to absorb it.
Summary
The phosphate retention by peat samples from a field trial in which superphosphate has been for 34 years applied at annual rates of 0, 100, 200, and 300 kg/ha, respectively, was studied. It was found by various methods that the samples from the plots of the higher treatments were able to sorb more phosphate than were the samples from the untreated plots and the soil with the lowest phosphate application.
The higher content of iron and aluminum in the soils of the higher treatments probably accounts for their higher capacity to retain phosphate. It is possible that in clayed peat soil the higher content of exchangeable calcium and the lower acidity of the samples of the higher treatments are able to increase the effect of aluminum.
The factors which are responsible for the differences in the iron and aluminum contents of the variously treated plots are discussed. It is unlikely that these results would be of importance under practical conditions.
